ABSTRACT: This study was conducted at the Agronomic Institute of Paraná (IAPAR) in Londrina, State of Paraná (PR), Brazil (latitude 23º18'S, longitude 51º09'W and average altitude of 585 m). The local climate, according to the classification of Köeppen, is Cfa type, i.e., humid subtropical climate, with rain in all seasons and can occur dry seasons during the winter. It was determined soil evaporation (E) under different coverage densities with residue from the wheat crop. The treatments were installed in weighting lysimeters of 2.66 m 2 and 1.3 m deep, which allows to determine E by the mass difference with measuring precision of 0.1mm at one hour intervals. Treatments consisted of 0; 2.5; 5 and 10 t ha -1 of wheat crop residues, placed evenly over each lysimeter. In the first cycle (September 22 nd to October 20 th , 2008), the reduction of E, as compared to a bare soil, was 4; 15 and 24%, while in the second cycle (December 1 st to 30 th , 2008), the reduction was of 15; 22 and 25%, respectively, for the treatments of 2.5; 5 and 10 t ha -1 .
INTRODUCTION
Irrigated agriculture is considered one of the activities that use the most water, becoming increasingly important studies on the most efficient use of water by plants.
The evaporation is a major form of loss of water in a soil, especially in tropical countries such as Brazil. Therefore, we must seek an agricultural management that minimizes losses through evaporation.
The biomass production is of fundamental importance for the no-tillage system (NTS), which is one of the most effective practices for better utilization of the available water in the soil.
According to GAVA et al. (2009) while the straw can help to reduce water evaporation from the soil, it retains part of the water applied or precipitated in the area. A tillage system with 10 t ha -1 of wheat straw can hold up to 1.5 mm of water that is transferred to the atmosphere in the form of evaporation without contributing to the storage of water in the soil. Therefore, an irrigation system that applies small blades with high frequency will lose much of the water applied by direct evaporation in the straw.
For residues of maize crop, FREITAS et al. (2004) found retention of water by the residue after the application of a 20mm depth, corresponding to 1.2; 1.4 and 1.8 mm, respectively, for coverage conditions of 4.8; 6.3 and 10 t ha -1 . The authors also reported that the amount of water retained by the waste may be significant in irrigation systems with high frequency of application, which causes the proportion of evaporated water relatively high. SILVA et al. (2006) observed that straws of millet and maize had higher water storage capacity than soybeans: 3.26; 3.24 and 2.62 g of water per g of straw, respectively.
Working with loss of water by evaporation in a soil cultivated with maize in no-tillage and conventional system, ANDRADE et al. (2007) found reduction of water losses of 19 and 42%, respectively, for 3 and 6 t ha -1 of oat crop residues compared to the seeding in bare soil.
The use of weighting lysimeters to determine the evapotranspiration is very accurate. FARIA et al. (2006) , working with the construction and calibration of lysimeters of high accuracy, found excellent linearity between the variations of mass and electric voltage for all ten lysimeters tested and there was no hysteresis. The evapotranspiration measurements showed precision to detect changes in mass equivalent to 0.1 mm at intervals equal to or greater than 1h, adjusted for most field applications.
However, SILVA et al. (1999) warn that, in the time period from 6 a.m. to 11 a.m., small increases occur in the readings of the system which can be attributed to the influence of temperature changes on the load cell.
Despite the high accuracy of the load cell and data acquisition system, the measures taken for several days after the construction of the lysimeters indicated that the rain reduces measurement accuracy during periods with rain and the wind is the most limiting factor for obtaining measures with high temporal resolution of less than 10 min (CAMPECHE, 2002) .
The aim of this study was to measure the evaporation of water from soil under fallow and different densities of soil coverage with wheat straw in order to quantify the reduction of evaporation due to the amount of crop residues in the region of Londrina -state of Paraná (PR), Brazil.
MATERIAL AND METHODS
This study was conducted at the Agronomic Institute of Paraná (IAPAR) in Londrina-PR, (latitude 23º18'S, longitude 51º09'W and average altitude of 585 m). The climate of Londrina, according to the Köppen classification, is a Cfa, i.e., subtropical humid, with rain in all seasons, dry seasons can occur during winter. The average temperature of the warmest month is above 22 °C and the coldest month is below 18 °C. The soil is classified as Eutroferric Red Latosol, according to EMBRAPA (2006) . The soil gradation is compound of: 6% sand, 13% silt and 81% clay.
The measurements of evaporation under different densities of crop residues were held in eight weighting lysimeters kept in fallow, installed near the weather station of the Institute SIMEPAR. These lysimeters are composed by impermeable metal tanks, with dimensions of 1.4 m wide, 1.9 m long and 1.3 m deep and with local soil, placed at ground level under a scales consisting of a lever system for mass reduction. The lysimeters detects mass variations equivalents to the depth of 0.1 mm at intervals up to 1hr, measured by load cell that emits electric signals with a sensitivity of 2 +/-10% mV V -1 and an accuracy of 0.02% of full scale. Readings are made every three seconds, collecting 200 values in 10 min and the data acquisition system stores the average of this interval to prevent variations mainly caused by the wind.
Measurements of the electrical signals were transferred from the data acquisition system through a digital interface to a computer to be converted to mass unit and then to depth unit (mm) using equations of the initial calibration of each lysimeter.
The evaporation values were determined by the balance of the inputs, outputs, and the water storage in the lysimeters, according to the following equation:
In which, E -evaporation, mm; P -precipitation, mm; I -irrigation, mm; R -runoff, mm -considered zero due to the edge of the lysimeter tank; D -drain, mm, and ∆A -storage variation given by the difference in mass during the period, mm.
The reference evapotranspiration was calculated by Penman-Monteith method (ALLEN et al. 1998) , using daily data obtained from automatic weather station.
In which, ETo -reference evapotranspiration, mm d -1 ; Rn -radiation balance to the surface, MJ m -2 d -1 ; G -heat flow sensitive to the soil, MJ m -2 d -1 ; T -average air temperature at 2m height, ºC; U 2 -wind velocity at 2m height, m s -1 ; e s -steam saturation pressure, kPa; e a -current steam pressure, kPa; ∆ -curve declivity of saturation pressure, kPa ºC -1 , and γ -psychometric constant, kPa ºC -1 .
Was determined the evaporation with bare soil (0 t ha -1 ) and three quantities of wheat crop residues (2.5; 5 and 10 t ha -1 ) during two cycles of drying, (09/22 to 10/20/2008 and 12/01 to 12/30/2008).
After drying the straw in a stove of forced air circulation for 48 hours at 65 °C it was determined quantities of 0.665; 1.330 and 2.660 kg, equivalent to 0; 2.5; 5 and 10 t ha -1 of dry matter ( Figure 1 ).
To determine the coefficient of evaporation of the soil water (K e ) it was obtained daily values of evaporation measured on the weighting lysimeters. According to ALLEN et al. (2005) when the soil surface is completely wet by rain or irrigation and soil fraction effectively exposed to the energy of evaporation. In this case is 100% of the lysimeter area, because there were no plants. The equation presented by ALLEN et al. (2005) A B C D FIGURE 1. Lysimeter on bare soil (A) and lysimeters with different densities of soil coverage with wheat straw: 2.5 (B), 5 (C) and 10 ton ha -1 (D). Figure 2 shows the daily values of evaporation (mm d -1 ), for different densities of wheat straw, 0; 2.5; 5 and 10 t ha -1 , and reference evapotranspiration, between 09/22 and 10/20/2008 (first cycle). FIGURE 2. Reference evapotranspiration and evaporation under three densities of soil coverage with wheat straw, during the first cycle.
RESULTS AND DISCUSSION

Daily values of evaporation
In the first cycle of evaporation, rains and irrigation amounted to approximately 115 mm. Although most of the rain of the cycle, of 40.4 mm, occurred on 10/01/08, the rain only began at 5 p.m., extending up to 2 hours on 10/02/08. So this day started with the ground surface very humid, resulting in evaporation rates higher than the previous days, as it can be seen in Figure 2 . The changes that occurred in the evaporation of water from the soil, from 09/22 to 10/01/08, in the residue treatment, were due to the variation of atmospheric demand for water.
One day after a rain on 10/01 and 10/02/08, there was more evaporation in treatments with more straw (10 t). On 10/04/08 the rain was distributed throughout the day, being recorded rain at 4 a.m., 11 a.m. and 4 p.m., amounting 19.2 mm. Again it was observed that treatment with higher amounts of straw presented larger evaporations. From 10 p.m. there was more rain and these occurred until 5 p.m. on 10/05/08. The discrepancies of the occurrence of increased evaporation at higher amount of straw may be attributed to errors of lysimeters during periods with precipitation, as evidenced by several studies published (CAMPECHE, 2002; FARIA et al., 2006) . In the present experiment, this failure is evidenced, on 10/05/08, by the values of evaporation in the treatment with 10t of approximately three times larger than ETo.
On10/08/08 there was irrigation with 15 mm at 11 a.m., resulting in increased evaporation of the bare soil above the value of ETo. On 10/11/08 remained cloudy all day with rain of 1.1 mm. This caused the evaporation of the next day return to the same rate presented in the previous day, 10/11, due to increased moisture in the soil surface. On10/14/08 there was a slight precipitation of 5.6 mm in the late afternoon, resulting in increased evaporation on day 15 for all treatments. At the daybreak of the 18th day there was a very small rain of 0.8mm, increasing the evaporation mainly from the bare soil. In the late afternoon rained again, but only about 1mm. The second cycle had a cumulative rainfall of 106 mm, starting with irrigation at 9 a.m. on12/01/08, with applied depth of 23 mm. Because of this, the evaporation in all treatments was high. In the following day, it rained in the morning and in the afternoon, and on 12/03/08 initiated humid and having high evaporation. After 7 days without rain, it was observed that treatment with 10 t ha -1 had lower evaporation rates than the other treatments, a fact that confirms PREVEDELLO & LOYOLA (2005) , simulating the evaporation process, found that sand placed on the soil surface, behaves as an insulating layer ("mulching"), providing strong resistance to the flow of water on the soil surface. Also GONÇALVES et al. (2005) evaluated the water consumption of lettuce crop with the soil covered with polyethylene film, and observed water consumption about 34% lower compared to the lettuce which treatment did not have the soil covered with plastic.
Also SOARES et al. (2001) analyzed the dependence of crop coefficient for the initial development stage (K cini ) to water depth and soil texture. The direct evaporation of water from the soil (Es) was determined using the model of Ritchie. They concluded that for low values of ETo to 4 mm d -1 , the evaporation of water from the soil is superior in loamy soils with application of water depths greater than 15 mm and under the same climatic conditions and wetting, the soil of fine texture presents K cini greater than the thick textured soil.
On 12/10/08 remained cloudy and the rain was recorded between 9 a.m. and 3 p.m. On the morning of 12/11/08 there was more rain, making the surface of the soil very humid in the early morning, causing a large increase of the evaporation.
On 12/15/08 there was rain between 11 a.m. and 2 p.m., returning to precipitate at 7 p.m. Thus, on 12/16/08 began with enough water available and rain of 5.9 mm at 2 p.m. made E increase in the treatment with bare soil, followed by the treatment with more amount of straw. The same repeated on 12/17/08.
On 12/19/08, the lysimeters containing 5 and 10 t ha -1 showed problem on the load cells, since in the time between 9 and 10 a.m. there was an increase of 2.7 and 2.9 mm, respectively for these treatments. From this day the lysimeter with 10 t ha -1 continued to show discrepant values.
On 12/24/08 was a dry day, but late at night the rain began and lasted until 1a.m. of the next day, 12/25/08. On 12/25/08 started with high humidity from the surface layer, and combined with the 2 p.m. rain, caused the bare soil to present the highest values of evaporation. On the night of 12/25/08, more rain occurred resulting again in higher evaporation for treatments with bare soil and 10 t ha -1 on 12/26/08. On this day there was rain in the late afternoon making the day 12/27/08 begin with high humidity and the soil E of the bare soil overcome the ETo, followed by treatment with more straw, leaving again the exception to discrepant data presented by this lysimeter treatment, which is reinforced by the results, on this same day 12/27/08, of the lysimeters of the other treatments, while on the treatment with 5 t ha -1 the evaporation was lower than the 2.5 t ha -1 .
Accumulated values of evaporation
In general, as the daily ETo increases, the values of evaporation also increase. However, the evaporation of each treatment depends on the soil humidity, i.e. the amount of water present on the soil, liable to evaporate and also the effects of the straw on these treatments. Due to the complexity of analyze daily each effect of evaporation increase or decrease, we tried to analyze the accumulated value of the cycle, to thereby determine the best results in the reduction of evaporation of each treatment.
The accumulated values of evaporation on the different densities of soil coverage with wheat straw are shown in Table 1 . The sum of rainfall and irrigation in the first period reached 115.2 mm, but were concentrated in the middle of the cycle. It can be observed in Table 1 , the first cycle, that there was little effect of treatment with 2.5 t ha -1 , with accumulated evaporation of it practically equal to the control with bare soil.
In the first cycle the reduction of the evaporation was about 4% for treatment with 2.5 t ha -1 whereas for 5 and 10 t ha -1 approached of 15 and 24%, respectively, corroborating data obtained by FREITAS et al. (2004) .
Considering the values presented in Table 1 , making in relation to ETo, the percentage of reduction obtained for the first cycle were 45.6; 47.9; 53.5 and 58.8% for bare soil treatments with 2.5; 5 and 10 t ha -1 , respectively, while for the second cycle were 44.3; 52.6; 56.4 and 58.5, respectively, the values for the second cycle were calculated based on the data accumulated until 12/19/2008, because from this date, the lysimeter with 10 t ha -1 of straw density presented issues in the readings.
These results are superior to those found by XIE et al. (2006) who obtained the ratio between the soil water evaporation and the evapotranspiration of 40.7% during the cycle of the watermelon culture for the treatment without coverage and 17.8 to 25% for the treatment with sand and gravel coverage, to milder climate conditions with annual maximum temperature of 20.7 o C.
Unlike the first cycle, the accumulated data of the second cycle show values of evaporation on bare soil always higher than the other treatments. It is important to note that, although the depth of rainfall during this period (106.5mm) was almost identical to the first cycle (115.2 mm), the rain was distributed more evenly, i.e. higher number of rain through the cycle, at more frequent intervals. There was a higher atmospheric demand, evidenced in higher ET 0 in the second cycle, as can be seen in Table 1 .
It is possible to observe the accumulated evaporations on the period and their respective reductions in relation to the bare soil (Table 1 ).
In the second cycle the reduction of the evaporation was about 15% for treatment with 2.5 t ha -1 , while for 5 and 10 t ha -1 approached 22 and 25%, respectively. The treatment that resulted in the largest reduction of evaporation was of 10 t ha -1 .
Coefficient of evaporation (Ke)
The coefficients of cultivation may be adjusted to consider separately the effects of evaporation and transpiration by the method of dual or combined Kc (ALLEN et al., 2005) . In this case, two coefficients are used: the basal crop coefficient (K cb ) to consider the conditions of transpiration in conditions of absence of water stress and coefficient of evaporation (Ke) for estimating the effect of evaporation from the soil surface.
As in this study the soil was kept under fallow, Ke is obtained by the ratio between the evaporation of soil water, occurred on the treatments, and the ETo. Ke values for different densities of soil coverage with straw in the two cycles are shown in Table 2 .
There was a large increase in Ke of all treatments immediately after rainfall, due to the high surface soil humidity that contributes to increased evaporation.
The same occurs with Ke on the second cycle. They increase after the rains, because the humidity is high. The Ke, by expressing a direct relation between E and ETo, suffers the same effects discussed in evaporation.
In ANDRADE et al. (2007) , with the presence of straw on surface in treatments 3 and 6 t ha -1 for maize residues, the maximum values of Ke were reduced to approximately 50% when compared with the treatments without straw on the surface reaching values of 0.70 and 0.44, respectively. Also OLIVEIRA et al. (2003) determined the coefficient of the carrot culture using the methodology proposed in the FAO 56 Bulletin. They observed Ke values higher than 1.0 in the initial phase of the culture after rain or irrigation. Table 2 that Ke values were superior than 1.0 to a few days, despite the rain occurred during the experimental period as it can be seen in Figures 2 and 3 .
It is observed in
CONCLUSIONS
Regarding the bare soil, the rates of water evaporation from the soil are reduced from 4 to 15%, 15 to 22% and 24 to 25%, due to the coverage of the soil with wheat straw in amounts of 2.5; 5 and 10 t/ha, respectively.
